Human Anatomy 2.1 General
To identify and characterize the body phantoms that are required to express the variation within the human population, those features affecting body size and shape must be considered. The most important influencing features are age, sex and race.
The sexual differences are defined genetically and are expressed morphologically. Apart from primary sexual characteristics, the sexes are distinguished by their secondary features, wider hips (bi-iliac width) in the female and wider shoulder (bi-acromial width) and longer limbs in the male. In addition, the male is taller with a larger muscle mass, whereas the female has a greater proportion of adipose tissue to lean body mass. These characteristics of the sexes are evident in the greater height of the male and the smaller mass /height ratio of the female (see Figure 2 .1 and TableA.2).
World populations within the several races vary in their adult size, as well as their shape. These differences are due to a complicated interaction of genetic and environmental factors in which the differences in the gene pool are represented by the rather arbitrary classification ofrace. Here, the classification of Eveleth and Tanner (1976) is adopted. This relies on geographical and historical origins for the criteria for these major population groups and comprise the following groups:
(i) Europeans in Europe and their descendants elsewhere (e.g., the Americas, Australia, New Zealand) (ii) Africans in Africa and their descendants elsewhere (e.g., the Americas) (iii) Asiatics, which includes Chinese, Japanese, South East Asians, American Indians and Eskimos (iv) Indo-Mediterraneans of the Near East, North Africa and Indian sub-continent. The principal physical characteristics differentiating the several races, when they have grown up under optimal conditions, are those of shape. Africans and Europeans do not differ greatly in size, although they do differ in body shape, with African males and females having longer legs and arms, relative to the length of the trunk. Africans have narrower hips relative to shoulder width compared with Europeans and Asiatics. Africans have less subcutaneous adipose tissue over their arms relative to that on the trunk (Malina, 1973; Johnston et al., 1974; Eveleth and Tanner, 1976) . The skeletal differences are those of increased size and bone mass in the Africans, compared with Europeans (Trotter and Peterson, 1966) 6 and the African male has a greater amount of muscle tissue (Malina, 1973) . Asiatics are usually shorter than Europeans and Africans as they have shorter legs (Eveleth and Tanner, 1976) . However, the ratio of trunk length to leg length, and to arm length, is similar in both Asiatics and Europeans. Asiatics have longer arms in relation to legs than do Europeans or Africans, beginning in childhood. In Asiatics, the sub-scapular skinfold thickness (an estimate of subcutaneous lipid) is thinner than that of Europeans. The Indo-Mediterraneans mostly resemble Europeans in their body proportions.
Shape is much more rigorously under genetic control than size, emphasizing the signficance of the ethnic characteristics described here. Some of these features may be attributed to climatic and seasonal effects on growth, over the period of human evolution. The long limbs of peoples indigenous to regions with hot climates (e.g., Africans) permit greater heat loss per unit volume than the thick-set bodies and short limbs adaptive to colder regions (e.g., Northern Asiatics and Northern Europeans). There is a close correlation between the slender appearance of peoples, in terms of their mass per unit adult height, and the average annual temperature of the area where they live, or from which they originally migrated (Eveleth and Tanner, 1976) .
Various factors are known to alter the rate of growth and body size of children. These include the effects of infectious diseases, psychological stress, urbanization and socio-economic status. None of these factors appear to alter adult shape significantly.
The size of an individual within a population can be dictated more by environmental rather than genetic factors as shown by the effect of chronic undernutrition. Most members of some populations and some members of all populations, do not grow to their full potential height if they suffer chronic undernourishment during most or all of their childhood. Under these circumstances, humans do not alter shape significantly. An exception to the effect on size is the secular trend, which is seen as an increase in mean adult height of about 1 cm per decade since 1880 (Tanner, 1978) . This trend is related to an area's industrial growth and to a number of factors including improved nutrition and healthcare. With changing economic conditions this trend can be stopped or reversed.
During growth, many environmental factors determine the size of a child, the most important being the level of nutrition. There are two age intervals when a child is growing rapidly and is especially sensitive to the effects of under-nutrition; the first is birth to five (Eveleth and Tanner, 1976, 1990; Eveleth, 1989). years, while the second is adolescence. In some instances, under-nutrition may begin in utero, being dependent on maternal nutrition. During the first age interval, many populations in developing countries have mean birth masses similar to those of industrialized countries. The differences appear later when, at 6 months, body masses diminish as a result of under-nutrition and infection. During adolescence, the energy requirement increases in line with the rapid increase in growth (Heald et al., 1969) . Undernutrition can lead to delayed growth or delayed adolescence and menarche. Another effect of inadequate intake of specific nutrients is the reduction in the thickness of cortical bone compared to unaffected children (Garn et al., 1964) .
In view of the variability of both the secular trend and the influence of nutrition, neither should be considered as part of the criteria used to define body size and shape. These should be based on the genetic differences of sex and ethnic origin. The following sections will consider these factors in more detail. In defining body shape for the purpose of constructing a realistic body phantom or developing a computational model, attention will be paid particularly to the shape of the trunk.
A glossary of selected anatomical terms used in this chapter is presented in Appendix A (Table A .1 ).
Body Mass and External Dimensions
Most " whole" body phantoms omit major portions of the upper and lower limbs. The extent of the upper limbs included comprises the part closest to the trunk, down to the line drawn horizontally below the shoulder at the point at which the medial border (inside edge) of the limb separates from the chest wall. Similarly, the extent of the lower limbs included comprises the part closest to the trunk, corresponding to the horizontal line drawn at the level of the base of the spine (i.e., the top of the coccyx). Consequently, the vertical dimension of the body phantom is more correctly defined by the sitting height rather than the body height.
The numerical data quoted here are largely drawn from that of Eveleth and Tanner (1976, 1990) and Eveleth (1989) . Wherever possible, their more recent data have been adopted. In most instances, there is a marked similarity in the figures given in their two publications, comparable data differing by no more than a few percent. The physical dimensions characterizing the sexes as well as the African, African Ancestry, Asiatic, European, European Ancestry and Indo-Mediterranean groups are given in Appendix A (Table A. 2).
The Adult
The data given in Appendix A show that adult European males and those of European Ancestry are similar in shape, with the latter tending to be marginally larger. They differ from the other groups in size as well as shape. The males of African Ancestry are similar to those of Africa but have wider chest and bi-iliac widths, which tend to place them closer in shape to Europeans. In both size and shape the males of African Ancestry lie between those of Africa and Europe. The similarity in the body proportions between Europeans and Indo-Mediterranean males as expressed by the ratios of total height to leg length (Eveleth and Tanner, 1976) is not evident in the shape of the trunk. The Indo-Mediterranean body shape exhibits a close correspondence with the dimensions characteristic of the trunk of the African, apart from the bi-iliac width which tends to be greater in the Indo-Mediterranean group.
The shape of the female trunk shows greater variation between the groups than that of the male. The trunks of adult European females are similar in shape and, as in the males, marginally smaller than those of adult females of European Ancestry. Adult African females, together with those of African Ancestry and Indo-Mediterranean origin are generally similar in shape, with the bi-iliac width being narrowest in the African and greatest in the Indo-Mediterranean groups.
For males and females, the differences in sitting heights between the ethnic groups is much smaller than for total body heights. Figure 2 .1. shows that the European and European Ancestry groups have similar mean sitting heights. The remaining groups (African, African Ancestry, Asiatic and Indo-Mediterranean) have mean sitting heights that are comparable, but some 4 cm shorter.
Mean skull sizes are given in Table A .3 for African, Asiatic, European and Indo-Mediterranean groups (male and female), and show a remarkable similarity between the sexes and members of the different groups. The skulls of males usually tend to be larger than those of females. In size, the skulls of Europeans tend to be larger than those of the members of the other groups. This finding, together with that of the difference between the sexes, corresponds to the differences recorded in overall body size. In shape, the skulls of Africans tend to be narrower, relative to those of the other ethnic groups and hence proportionally longer. This skull shape is referred to as dolicocephalic. The skull shape of the Asiatic group tends to be relatively wider as seen in the greater maximum cranial and bizygomatic diameters. In consequence, the skulls appear broader relative to those of other groups, giving an overall round appearance to the head, a shape referred as brachycephalic. The skulls of the Indo-Mediterranean group have the narrowest bizygomatic diameter compared with those of other groups.
The physical dimensions of a body phantom should match those of the target population, within the limits required by the application (see Section 3). At one extreme, simply basing the physical dimensions on the mean values given in Table A .2 and the cited references may be adequate (e.g., for certain dosimetric investigations in radiation protection). The body shape defined by such a method is a derivation and need not be representative of an individual and does not encompass the range and size of individuals within a population. In this instance, the known or expected ethnic mix within the population can be taken into consideration. For more elaborate simulations, it may be necessary to survey a cross-section of the target population. The tomographic modelling technique described in Section 8 could then be used to obtain the necessary physical dimensions from a cadaver of the appropriate shape or size or from selected diagnostic CT or MR images.
The concept of 'Reference Man' was introduced by ICRP in 1975 to represent a large population. He is defined as being between 20 to 30 years of age, living in a climate with an average temperature from 10° to 20°C and a Western European or North American in habitat and custom. More recently, 11 countries (China, India, Indonesia, Japan, Korea, Malaysia, Pakistan, Philippines, Sri Lanka, Thailand and Vietnam) have met to plan the preparation of 'Reference Asian Man' (IAEA, 1988a) . This initiative stems from the extensive studies on Reference Chinese (Chen, 1988) and Reference Japanese (Tanaka, 1988; Tanaka et al., 1979a and b, 1989) .
Comparing the dimensions of ICRP Reference Male (Height: 170 cm; Mass: 70 kg) and ICRP Reference Female (Height: 160 cm; Mass: 58 kg) (ICRP, 1975) with the data in Table A .2 shows that the ICRP Reference Male is closer in body proportions to the mean of the European group. However, in height, the ICRP Reference Male is shorter than the average European male by 3 cm.
The data for height and mass for ICRP Reference Female are also close to those for the European group (Table A. 2). As such, the external contour of ICRP Reference Female is characteristic of that group only and is not representative of the majority of women in the world population as they are, on average, shorter than the European.
The masses quoted by Tanaka et al. (1979a) for Reference Japanese Male (60 kg) and Reference Japanese Female (51 kg), are in close agreement with comparable data for the Asiatic adult group given in Table A .2. The associated heights of 170 cm and 160 2.2 Body Mass and External Dimensions ... 9 cm for the Male and Female, respectively (Tanaka, 1988) , are 7 cm and 9 cm taller than the Asiatic adult group, and apparently represent a younger adult population. Recent studies (Chen, 1988) have shown that Chinese males and females are also taller by 6 cm and 7 cm, respectively, than the values given for the Asiatic group.
More details ofICRP and Japanese Reference Male and Female are to be found in Table A .4.
Many different body shapes occur within a population. These are defined classically by the dominance of the tissue derived from the outer (ectoderm), middle (mesoderm) and inner (endoderm) body layers of the developing human embryo. This leads to individuals being either tall and thin (ectomorph), average height, stocky build with broad features (mesomorph) or short and obese (endomorph), respectively.
The methods used to quantify these differences in body shape have been reviewed by Damon et al. (1962) . Rees and Eysenck (1945) proposed an index based on the ratio (total height x 100)/(6 x lateral chest diameter). The results of their study of a young male population suggested that the population could be split in three groups, namely, ectomorph (more than one standard deviation above the mean index), mesomorph (between ± one standard deviation from the mean index) and endomorph (more than one standard deviation below the mean index). Subsequent studies (Damon et al., 1962) have shown that the extremes of body shape, ectomorphy and endomorphy, are more easily defined than mesomorphy.
Other authors have developed indices for children (Hammond, 1953) based on methods which are not significantly different from those of Rees and Eysenck (1945) . Similarly, more complex indices have been developed (Damon et al., 1962) to include a larger amount of physical data to give more accurate characterizations of the different somatic types.
Fetus, Infant and Child
The data given in Appendix A show that at birth there are no significant differences in shape between the ethnic groups and between sexes. Body sizes are only marginally smaller for the Indo-Mediterranean and Asiatic groups relative to European and African groups. By the first year, size and mass differences between the groups are apparent and continue throughout childhood. These differences in size also occur between European children compared to those of European Ancestry. Furthermore, male and female children of African Ancestry are taller, heavier and wider at the shoulder (bi-acromial width) and hip (bi-iliac width) than those from Africa. Differences between the sexes in terms of greater bi-iliac width in the female, are evident in certain of the data.
Within the ethnic groups, there are few differences in size and shape between 18 year old young adults and mature adults. The exceptions are in the 18 year old male and female Asiatics and those of African Ancestry, which, on average, are 2 to 3% taller than the adults in their groups. The young males tend to have a shape similar to that of the adult males. The young females of both groups have greater biacromial and bi-iliac widths as well as height compared with the adults of each group respectively (see Table A .2). These differences between the young (18 year old) and full adult appear to be the result of the effect of the secular trend within these groups (Section 2.1) and the reduction in the height of the adult over the age of 40 years.
At all ages, the head circumference of boys is approximately 1 cm larger than that of girls. Extensive studies have been completed on the head sizes of boys and girls by Nellhaus (1 968). These showed that during the period of growth there was very little difference in head size between the two sexes during most age intervals. Less than 2% total head circumference growth occurs after 18 years, which is largely accounted for by an increase in skull and scalp thickness (Dokladal, 1959; Roche, 1953; Young, 1959) .
Ethnic origin causes no appreciable differences in head circumference in either sex (Nellhaus, 1968) . The variances in the recorded data amount to only a few millimeters. Reduced head-circumference measurements have been noted in the early stages of child development due to poor socio-economic conditions in the African Ancestry group (Verghese et al. , 1969) . The differences between these children and those of European Ancestry decrease progressively after the fourth year and disappear at 14 years in boys and 8 years in girls.
Nellhaus (1968) evaluated the effect of the secular trend (Tanner, 1978) , that is, size differences due to improved child nutrition and other social and sanitary conditions (Dokladal, 1959; Terada and Hoshi, 1965) , by comparing data measured before and after World War II. It was found that the head circumference measurements between the two periods were virtually identical and had not been affected by the secular trend.
The total heights, masses and elemental compositions of "reference" fetuses, infants and children have been reported by several authors (Fomon, 1967; Ziegler et al., 1976; Haschke et al., 1981; Fomonetal., 1982) . In general, these published data are close to those given in Table A .2 for the European group.
Additional information on newborn and children is given in Appendix A and Figure 2 .2. As for the adult, in the absence of more appropriate data, these may be used for specifying the physical form of a pediatric body phantom or computational model required to represent a given population.
Principal Organs and Tissues
In this section, the geometry, physical dimensions and masses of the principal organs and tissues in the body will be outlined. The available pediatric and adult data are predominantly for European, European Ancestry, and Asiatic groups while for the remaining groups (African, African Ancestry, Indo-Mediterranean), the data are restricted to the adult (Tables A.5 to A. 7).
The differences in the mass of organs between the European, European Ancestry and Asiatic groups are a reflection not only of ethnic differences, but may also include the influence of the secular trend noticeable in the children of Asiatic origin (see Section 2.2.2). Differences in the methods of recording data between the groups render comparisons between children very difficult. For example, the available data on organ mass at the different ages of the European children are grouped at yearly intervals around the birthdate of the child. For Asiatic children, similar data are collated for the interval ranging from one birthday to the next. A discrepancy of six months may exist, therefore, in the information obtained by the two methods. The mass of the organs relative to body mass is larger usually in the newborn and gradually declines with age.
Adipose Tissue. Adipose tissue is the most labile of the components causing variation in human wholebody composition. It is readily influenced by nutrition and physical activity. Since a considerable amount of body lipid lies within subcutaneous adipose tissue, the measurement of skinfold thickness is generally used to predict body lipid (Malina, 1969; Lohman, 1981) . However, the recent work of Clarys et al. (1987) has shown that skinfold measurements are inadequate predictions of local deposits of adipose tissue as they neglect variations in skin thickness and two identical thicknesses of adipose tissue may contain different lipid contents. Yet this work showed that skinfold measurements are significantly correlated with the total amount of adipose tissue in the body (internal and subcutaneous), indicating a dominance of subcutaneous adiposity. The distribution of adipose tissue per body segment as a percentage of the total amount of adipose tissue in the whole body has been studied in detail for males and females by Clarys et al. (1987) .
Sex differences in the amounts of subcutaneous adipose tissue are evident in middle childhood, become marked during adolescence and persist into adulthood (Malina, 1969) . In the adult, subcutaneous (Eveleth and Tanner, 1976, 1990; Eveleth, 1989) . adipose tissue accounts for approximately 11 % (males) and 22% (females), of whole body mass (ICRP, 1975) . The total adipose tissue volume for European men and women has been reported by Kvist et al. (1988) . They report the relative amounts of adipose tissue (by volume) in the subcutaneous regions for men and women as 1.9% and 1.8% for head and neck, 6. 7% and 7.7% for arms, 28.9% and 32.6% for legs and 41.2% and 49.5% for the torso, respectively. Visceral adipose tissue comprised 8.4% in men and 21.3% in women. With advancing age, the trunk (flanks, chest, back) gains more adipose tissue than do the extremities in both sexes. Males tend to accumulate more on the back, chest and abdomen, whereas females gain more on the waist, buttocks and arms (Skerlj et al., 1953) .
Using triceps and sub-scapular skinfold measurements and suitable anthropometric formulae (Damon and Goldman, 1964) , whole body adiposity can be predicted.
Breasts. Female breasts consist of an outer layer of skin surrounding a volume of adipose, connective and glandular tissues. The breasts are located anterior and lateral to the chest wall, their shape, size, mass and composition being dependent on such factors as the age of the individual and the number of pregnancies. During lactation, the mass of the female breast may become 2 to 4.5 times its normal value.
Although the physical dimensions of the breasts of any female population vary considerably, mean values have been estimated by several authors. ICRP (1975) gives the total mass and volume of both breasts as 360 g and 344 cm 3 , respectively, for a 'reference' female. Cristy (1982) estimated the corresponding volume as 391 cm 3 and Kramer et al. (1982a) as 532 cm 3 for North American and European populations, respectively. These apparent discrepancies are probably due to the different ethnic groups and age distributions being surveyed and the methods of measurement adopted. Fife (1989, 1991) gives a mean compressed breast thickness of 5.2 cm. This was derived from 216 measurements on a group of British women of mean age 48.5 years (range 31to82 years), undergoing mammographic examinations. ICRP (1975) gives the mass of two male adult breasts as 26 g, but the presence of glandular tissue is doubtful for most males.
Kidney. The left kidney is larger than the right (Keats et al., 1985) . The mass and growth of these organs increases during childhood. Between 10 to 15 years of age, the mass of the kidney increases rapidly. The rate of increase then slows down and ceases around the 20th year.
Liver. The mass of this organ increases rapidly in the first two years of life and again during adolescence, reaching the normal adult value by the 20th year. The size of the liver increases between 3 to 5 years of age. In young individuals, length and width grow rapidly larger, but breadth less markedly. Reduction in the size of the left lobe occurs between 10 and 14 years of age. Details of the variation in normal liver shape has been described by Mould (1972) .
Lungs and Chest Wall Thickness . The mass of the lungs is greater in men than women and in both sexes the right lung is heavier than the left. The ratio of the mass of the left lung to that of the right has a mean value of 0.90 ± 0.12 in men compared to 0.86 ± 0.14 in women (Whimster and Macfarlane, 1974) .
Measurement of chest wall thickness, that is the soft tissue mass lying between the ribs from the skin to the underlying surface of the lung, has been assessed directly, as well as by ultransonic techniques (Ramsden et al., 1967; Newton et al., 1972; Dean, 1973) . Based on their findings, Ramsden et al. (1967) and Dean (1973) have proposed formulae for calculating the chest wall thickness from anatomical measurements of height, mass and chest circumference. Subsequently, Garg (1977) , on the basis of a more extensive evaluation of chest wall thickness using ultrasound, proposed the formula, Chest wall thickness (cm) = [6.0 x Mass (kg) / Height (cm)] -0.14.
The standard error of his observed values about the mean was ±0.22 cm.
Muscle (skeletal) . Muscle development is affected by a variety of factors including age, degree of physical activity, hormonal and metabolic states. Total muscle mass relative to whole body mass in the European group increases from 5 to 1 7 years of age in boys and from 5 to 13 years in girls. Sex differences in the rapid growth period at adolescence are evident. The estimated total musculature in the body is approximately stable in males from 1 7 to 40 years of age and in females from 15 to 50 years of age (Malina, 1969) . In the adult, muscle (skeletal) accounts for approximately 40% (males) and 19% (females), of whole body mass (ICRP, 1975) . Total muscle mass relative to whole body mass is approximately constant between the ethnic groups, although there are reported differences in muscular patterning between the European and African groups (Garn, 1963; Tanner, 1964) . From measurements of arm and thigh circumferences, young African males appear to have 10 to 15% more muscularity, by mass, compared to young European males (Damon et al., 1966; Malina, 1973) .
Skeleton. The contribution of the total wet, fresh skeleton to whole body mass is generally similar in the newborn and adult, with reported values varying from 9 to 18% (ICRP, 1975) . Of great importance to whole body composition is the contribution of osseous tissue to whole body mass. This contribution in African males can be over 10% higher than that for European males. The mass of the female skeleton is less than that of the male. Total osseous tissue relative to whole body mass varies from approximately 3% in the newborn to 4 to 7% in the adult. The increased contribution during growth is due to the calcium-rich osseous tissue replacing cartilage in the skeletal tissue. The proportions of red and yellow marrow in selected bones from the human skeleton, as a function of age and pathology, are given by Dunnill et al. (1967); Burkhardt et al. (1987) and Whitehouse (1991) .
Osseous tissue is a composite of bone mineral and supporting matrix. Average bone mineral contents of 65 to 66%, by mass, of dry, lipid-free bones have been reported (Trotter and Peterson, 1955, 1962; Moore et al., 1968) . Total bone mineral mass relative to whole body mass varies from approximately 2% in infants to 4 and 5% in adults.
The mass densities of whole bones vary according to bone site (Trotter et al., 1960; Trotter and Peterson, 1962, White et al., 1987) . Long bones (limbs and ribs) are more dense than vertebrae which have relatively more spongiosa. Cervical vertebrae are more dense than other vertebrae in males but not in females. Some of the bones of the African group are more dense than those of the European group. These include the clavicles, scapulae, hand bones, ribs, thoracic vertebrae, sacrum and sternum. Thus, the variation in bone mineral content and mass density of whole bones, within each sex and ethnic group, follows a similar pattern between the range for the highest (mandible) and the lowest (sternum) . The cranium and long bones are close to the former, the vertebrae, ribs and femur close to the latter while the remaining bones fall between the two extremes (Trotter and Peterson, 1962) .
Skin. The skin covering the human body comprises two layers, a thin cellular epidermis and a thicker supporting matrix, the dermis. The thickness of the epidermis measured over large portions of the body (head, neck, trunk, upper arms and legs) is within the range 40 to 100 µm (ICRP, 1975 (ICRP, , 1989 Bittoun et al., 1990) . For certain body sites (e.g., fingertip, sole of feet), the epidermis thickness may be 300 to 500 µm. This thickness is almost independent of ethnic origin, sex and age (Bliznak and Staple, 1975; Konishi and Yoshizawa, 1985) .
Differences in skin thickness are largely related to variations in the thickness of the dermis. Bliznak and Staple (1975) report that for a given age and body mass, male skin is thicker than female skin by approximately 15 to 20% and for both male and female adults, skin thickness decreases by approximately 2 to 3% per decade of life. In addition, these 2.3. Principal Organs and Tissues ... 15 authors find no significant differences in total skin thickness between European and African groups.
Dermal thicknesses given by ICRP (1975 ICRP ( , 1989 for adult male head and trunk cover the range 1.62 to 2.50 mm (mean 2.05 mm), while for the upper arms and thigh, the range is 0.97 to 1.32 mm (mean 1.10 mm). The dermal thicknesses for adult females is approximately 20% less than the corresponding values for adult males.
The indications are that there is little difference in the total skin thickness of infants and children from birth to 10 years of age (Southwood, 1955; Tan et al., 1982) . For infants, the total skin thickness for all body sites is in the range 0.5 to 0.9 mm (mean 0. 73 mm).
Published calculations of total skin mass give values of approximately 0.18 kg, 0.36 kg, 0.56 kg and 0.81 kg for the newborn, 1 year, 5 year and 10 year olds, respectively (Wilmer, 1940; Boyd, 1952; Anson, 1966; ICRP, 1975) . Maturation of the skin occurs between 10 to 20 years of age, presumably during puberty. By the 20th year, the skin has reached adult thickness (Kligman, 1979) . The calculated total skin masses for 15 year old males and females are approximately 2.0 kg and 1.6 kg, respectively, while for adult males and females they are approximately 3.2 kg and 2.2 kg, respectively. The adult data are found to agree closely with the results of Wilmer (1940) and Anson (1966) , although lower than that obtained by Clarys et al. (1984, 1987) for adult males (3.7 ± 0.9 kg) and adult females (3.5 ± 0. 7 kg).
Thyroid gland. This gland has a mass which gradually increases with age, varying from 1 to 15 g over the age interval from birth to 70 years (ICRP, 1975) . Relative to whole body mass, the mass of the thyroid is only marginally influenced by sex differences. The dimensions of normal and enlarged thyroid glands are given by Keats et al. (1985) .
A comprehensive review of the geometry, physical dimensions and masses of these and other organs is to be found in the ICRP Reference Man Report (ICRP, 1975) . Similar data have also been reported appropriate to Japanese (Tanaka et al., 1989) and Chinese (Chen, 1988) populations (Tables A.5 
and A.6).
The arrangement of these principal organs and tissues within the body can be found in published body section atlases (Berry, 1911; Symington, 1917; Eycleshymer and Shoemaker, 1970) . Alternatively, they may be derived from scaled CT or MR images. This later method is illustrated in Figure 2 .3 for European adults (male and female). These scaled, mid-saggital and mid-coronal planes of the head and trunk were obtained from MR images (Isherwood and Hutchinson, 1991) .
